Abstract. Between July and October 1996, a West Nile (WN) fever epidemic occurred in the southern plain and Danube Valley of Romania and in the capital city of Bucharest, resulting in hundreds of neurologic cases and 17 fatalities. In early October 1996, entomologic and avian investigations of the epidemic were conducted in the city of Bucharest and nearby rural areas. Thirty (41%) of 73 domestic fowl sampled had neutralizing antibody to WN virus, including 5 of 13 ducks (38%), 1 of 1 goose, 19 of 52 chickens (37%), 1 of 1 peahen, and 4 of 6 turkeys (67%). Seroprevalence in domestic fowl (27%, or 7 of 26) from the urban Bucharest site was not significantly different (P ϭ 0.08, by Fisher's exact test) than rates at three rural sites (50%, or 23 of 46). Serum collected from one of 12 Passeriformes, an Erithacus rubecula, was positive for neutralizing antibody to WN virus. A total of 5,577 mosquitoes representing seven taxa were collected. Culex pipiens pipiens accounted for 96% of the mosquitoes collected. A single virus isolate, RO97-50, was obtained from a pool of 30 Cx. p. pipiens females aspirated from the walls and ceiling of a blockhouse located near the center of Bucharest, resulting in a minimum infection rate of 0.19 per 1,000. Antisera prepared against RO97-50 failed to distinguish among RO97-50, WN virus strain Eg101, and Kunjin (KUN) virus strain MRM16. A 2,323-basepair DNA fragment of the envelope (E) glycoprotein gene from RO97-50 and a Romanian WN virus strain obtained from a human cerebrospinal fluid sample, RO96-1030, were sequenced. Phylogenetic analyses of 23 WN virus strains and one KUN virus strain using the amino acid and nucleotide sequences for a small portion of the E gene suggest the existence of two large lineages of viruses. Bootstrap analysis of the nucleotide alignment indicated strong support (95%) for a lineage composed of WN virus strains from northern Africa, including isolates from Egypt and Algeria, and west, central, and east Africa, all of the European isolates, those from France and Romania, an Israeli isolate, and an isolate of KUN virus from Australia. The nucleotide sequence of RO97-50 was identical to the sequence of a WN virus isolate obtained from Cx. neavei mosquitoes from Senegal and Cx.
West Nile (WN) virus is a member of the Japanese encephalitis virus group (antigenic complex) of the genus Flavivirus, family Flaviviridae. 1 The Japanese encephalitis virus group includes a number of important human pathogens (including St. Louis encephalitis (SLE) virus and Murray Valley encephalitis (MVE) virus), all of which are transmitted in natural cycles between mosquitoes, particularly Culex mosquitoes, and birds. West Nile virus is an Old World virus with a wide distribution that includes all of Africa, southern Europe, southwestern and southcentral Asia, and Australia. 2 Human disease associated with WN virus infection was first recognized in Africa where WN virus is endemic, and our knowledge of the transmission cycle of this virus is based largely on investigations carried out in Africa. 3, 4 Most epidemic vectors of WN virus are members of the subgenus Cx. (Culex), 2 with the exception of Cx. (Barraudius) modestus, which appears to have been the primary vector during a WN virus outbreak that occurred in France in 1962. 5 Antibodies to WN virus have been observed in a wide variety of bird species, including Passeriformes, Columbiformes, and Anseriformes. 2 Domestic Galliformes such as chickens and turkeys become viremic, although susceptibility decreases rapidly with age, 3 and they develop high-titered antibody responses, which allows their use as sentinel animals.
In addition to Africa, human clinical cases associated with WN virus infections have been reported from Israel, India, and Pakistan. [6] [7] [8] Isolation of WN virus and detection of antibodies to WN virus in avian sera demonstrate that WN virus periodically circulates in Europe; 2, [8] [9] [10] however, the only previously documented WN fever outbreak in Europe was a small epidemic that occurred in the Rhone River Delta of France in 1962. 11 Between July and October 1996, a WN fever epidemic occurred in the southern plain and Danube Valley of Romania and in the capital city of Bucharest, resulting in hundreds of neurologic cases and 17 fatalities. 12 One strain of WN virus, RO96-1030, was isolated in Vero cell culture from a human cerebrospinal fluid sample. 12 The incidence rate for residents of the Danube plain south of the Carpathian Range was estimated to be 4.1 per 100,000, and 12.4 per 100,000 for residents of Bucharest. Among residents of Bucharest, incidence was significantly higher in rural areas than in urban areas. Uniform seroprevalence rates in all agegroups suggested that WN virus was newly introduced to Bucharest. 12 Herein, we report on entomologic and avian investigations of the epidemic and characterize a WN virus strain isolated from mosquitoes.
MATERIALS AND METHODS
Description of study site. Romania, a country with a population of nearly 23 million people, is located in southeastern Europe. Much of Romania's southern border is defined by the Danube River. The Danube flows eastward and forms The climate of Romania is temperate. Average temperatures are lower in the central mountains and warmer in the southeastern portions of the country including the Danube Valley, delta region, and the southeastern plains. The 22ЊC isotherm in July approximates the boundary between the central mountains and the southern plain, or the elevation contour of approximately 200 m. Mean monthly temperatures in Bucharest range from a low of Ϫ3ЊC in January to a high of 23ЊC in July.
Meteorologic data. Daily average temperature, a mean of 24 hourly measurements, and daily total precipitation data collected at the Baneasa Meterological Institute in Bucharest were obtained from the National Climatic Data Center (Asheville, NC). Daily temperature values for each month of the epidemic year, defined as November 1995 through October 1996, were compared with corresponding daily values from the interval January 1991-October 1995. Daily precipitation values for each month of the epidemic year were compared with corresponding daily values from the preceding 18 years, November 1977-October 1995. Average precipitation and temperature values for months of the epidemic year were graphically compared with the corresponding monthly values of the non-epidemic years.
Entomologic investigations and environmental assessment. In early October 1996, an initial entomologic and environmental assessment of the city of Bucharest was conducted. During October 1-9, 1996, mosquito surveys were conducted and adult mosquitoes were collected for virus isolation. Mosquito collections were made at 14 sites representing 12 geographic areas ( Figure 1 ). Ten sites (1) (2) (3) (4) (5) (6) (7) (8) 12 , and 14) were located within urban Bucharest. The IAS was sampled at one site, site 13. Sites 9, 10, and 11 were located in Calugareni Forest, located approximately 30 km south of Bucharest.
Adult mosquitoes were collected by a variety of methods including hand-held, battery-powered aspirators, a backpack aspirator, Centers for Disease Control and Prevention (CDC)-light traps, and gravid traps. Methods of collection varied among sites but typically included at least two methods. Urban study sites included both blockhouses (high-rise apartment buildings) and single-family dwellings. When possible, mosquitoes resting in the entrance areas and hallways of blockhouses were collected by aspiration, and basements were inspected for the presence of larvae. At nearby single-family dwellings, adult mosquitoes were collected by aspiration from chicken sheds, and on rare occasions from homes. Water containers such as water barrels, flower pots, animal water bowls, and pit toilets were inspected for larvae. At selected single-family dwellings located at urban sites, 1, 3, and 5-7, gravid traps and/or CDC-light traps were run on successive nights (Figure 1 ). At site 13, located in the IAS, aspirator collections were made from stables. In the Calugareni Forest, sites 9-11, aspirator collections were made from stables, adult mosquitoes were collected from natural cavities in trees of the genus Fraxinus, and larvae were collected from a tire.
Adult mosquitoes were frozen, placed in labeled tubes, and held at Ϫ70ЊC. Collections were divided with approximately 33% of specimens being retained by the Cantacuzino Institute, Bucharest, and the remainder were transported in liquid nitrogen to the Division of Vector-Borne Infectious Diseases (DVBID), Centers for Disease Control and Prevention, in Fort Collins, Colorado. Mosquitoes transported to the DVBID were identified and processed for virus isolation in Vero cell culture. 13 Specimens retained by the Cantacuzino Institute were identified and tested for WN virus by antigencapture ELISA 14, 15 and by suckling-mouse brain assay.
Avian investigations. On October 7-8, 1996, wild birds were collected with mist nets at three sites in Bucharest (Figure 1 ): B1, Pantelimon Park; B2, Titan Park; and B3, Rosu Forest. Bird sites 1 and 2 are located in parks within the urban area, while B3 is located in the IAS. A one hundredmicroliter blood sample was collected from each bird and transferred to a tube containing 300 l of minimal essential medium (MEM) containing 5% calf serum and antibiotics. Blood samples were centrifuged before clot formation and the plasma-media solution was transferred to cryotubes and held at Ϫ70ЊC.
On October 9-10, 1996, serum samples from 73 domestic fowl were collected at 5 sites ( Figure 1 ): B4, residences in urban Bucharest; B5, residences in the village of Filastache Paduris, Frumusani; B6, residences in the village of Postavari, Frumusani; B7, residence in the village of Gruiu; and B8, residences in the village of Sintesti, Vidra. Residences at site B4 were selected because of their proximity to blockhouses from which human cases had been reported. Residences at sites B5, B6, and B8 were houses of confirmed cases, or neighbors of a home with a confirmed case. A two hundred-microliter blood sample was collected from each fowl and transferred to a tube containing 300 l of MEM as above. After clot formation, serum samples were removed and transferred to cryotubes and held at Ϫ70ЊC.
Bird serum samples were transported to the DVBID in liquid nitrogen. Samples were tested for neutralizing antibody against WN virus strain Egypt101 and Sindbis virus strain Egar339 by the constant-virus, serum-dilution, plaquereduction neutralization test (PRNT) in Vero cell culture in six-well plates. 16 Serum samples from wild birds were screened at a 1:16 dilution, and serum samples from domestic fowl were screened at a 1:20 dilution. Samples positive in the screening PRNT were retested to confirm results and to determine antibody titers. Ninety percent or greater neutralization was considered positive.
Serologic characterization of a virus isolate from mosquitoes. Two-way neutralization tests were conducted with the Romanian mosquito isolate, RO97-50, WN virus strain Eg101, and prototype Kunjin (KUN) virus strain MRM16. Single-injection immune mouse sera (IMS) and hyperimmune mouse sera (HIMS) were prepared against the Romanian isolate, RO97-50. Mouse hyperimmune ascitic fluids were available for the WN and KUN virus strains. 17 Each virus strain was tested by PRNT with all four mouse sera. Neutralization tests were done at least twice and geometric means reported.
Sequencing and phylogenetic analysis of virus isolates. Viral RNA was extracted from tissue culture fluid obtained from the first Vero cell passage of the mosquito isolate, RO97-50, and the third Vero cell passage of the human isolate, RO96-1030, using the QIAamp Viral RNA kit (QIA-GEN, Valencia, CA).
A 140-l sample for each virus strain was extracted according to the manufacturer's protocol, and the RNA resuspended in a final volume of 100 l of RNase-free water. A double-stranded DNA copy of the structural region of the viral RNA genome was generated in a reverse transcriptasepolymerase chain reaction (RT-PCR) using primers kun108 and kun2504c (Table 1 ). The RT-PCR and sequencing primers were designed by using the PrimerSelect module of the Lasergene Software Package (DNASTAR Inc., Madison, WI) using the published sequences of WN virus and KUN virus. 18, 19 A 10-l sample of purified viral RNA was combined with 200 pmoles of each primer and the RT-PCR was performed using the TITAN One Tube RT-PCR kit (New Roche Molecular Biochemicals, Indianapolis, IN). The resulting 2,396-basepair (bp) DNA fragment for each virus isolate was purified by electrophoresis on a 1% agarose gel. The DNA band was excised, and the DNA was isolated by using the QIAquick gel extraction kit (QIAGEN). The purified DNA was adjusted to a concentration of 50 ng/l in water. Both strands of the purified DNA were sequenced using the Taq DyeDeoxy Terminator Cycle sequencing kit (Perkin-Elmer Corp./Applied Biosystems, Norwalk, CT) using primers spaced approximately 400 bases apart on the genome (Table 1) . Cycle sequencing was performed by combining 400 ng of agarose gel-purified DNA (approximately 0.2 pmoles) with 30 pmoles of primer and following the manufacturer's protocol. Sequences were aligned and edited using the SeqMan module of Lasergene. The sequence data for a 2,323-bp region of the envelope (E) glycoprotein gene for Romanian WN virus strains RO97-50 and RO96-1030 were deposited in GenBank with accession numbers given as indicated in Table 2 .
Phylogenetic analyses were conducted on a 255-bp E gene DNA sequence and the corresponding 85 amino acid (AA) sequence, residues 146-230. Nucleic acid sequences for 23 strains of WN virus, including the Romanian isolates RO97-50 and RO96-1030, and one strain of KUN virus were selected for analysis, along with sequences for two outgroups, one strain of Japanese encephalitis (JE) virus and one strain of MVE virus. [19] [20] [21] [22] The geographic origin, year of isolation, abbreviation, source of isolation, and GenBank accession numbers for each virus strain are presented in Table 2 .
Nucleic acid and amino acid alignments were conducted using the Wisconsin Package (Version 10.0 for UNIX; Genetics Computer Group, Madison, WI). Sequences were aligned using the PILEUP program with terminal and internal deletions set at the same gap penalty. Phylogenetic analyses using distance methods and maximum parsimony (MP) with heuristic search were conducted using the Phylogenetic Analysis Using Parsimony (PAUP B4.0) program. 23 Maximum parsimony analysis of the nucleotide alignment was also implemented using PaupSearch of the Wisconsin Package using branch and bound search and support for internal branches evaluated by the bootstrap technique with 500 replications. 24 A variety of metrics were used to measure distances between sequence pairs, and distance trees were constructed by the Neighbor-Joining (NJ) method. Distance and MP analyses were conducted on amino acid sequence alignments with and without JE and MVE virus strains as outgroups, and on the nucleic acid alignment with outgroups.
Maximum likelihood (ML) analysis was conducted on the nucleic acid data set including all 23 WN virus strains and the single KUN virus strain and unrooted trees were generated using the fastDNAml program. 25, 26 The data set was jumbled 15 times and ML analyses were conducted on each jumbled data set. After deleting three sequences, WN Ent63134, WN SEN-ArD93548, and KN3829, that were each identical to a sequence remaining in the data set, the bootstrap technique with 500 replicates was used. Bootstrap trees were exported to PAUP where consensus trees were generated.
RESULTS

Meteorologic data analyses.
The transmission season, the six-month period from May through October, of the epidemic year was drier than normal based on visual comparison of monthly means with those of the preceding 18 years (Figure 2, top) . Daily precipitation values for May, June, July, and October of the epidemic year were significantly different from daily values from corresponding months of the preceding 18 years (P Ͻ 0.05, by Kruskal-Wallis rank sum test). Average daily temperature values for months of the epidemic year were similar to values from the period January 1991 to October 1995 (Figure 2, bottom) . February and March temperatures during the epidemic year were slightly lower, and May and June temperatures during the epidemic year were slightly higher than in the preceding four years; however, these differences were not significant.
Entomologic investigations. A total of 3,689 adult female mosquitoes were identified and processed for virus isolation at the DVBID, and 1,888 adult female mosquitoes were identified and tested at the Cantacuzino Institute. An additional 270 adult male specimens of Cx. pipiens pipiens L. were collected and identified, but not processed for virus isolation. Seven taxa were represented in the collections; these include Aedes geniculatus (Olivier), members of the Anopheles maculipennis complex, An. plumbeus Stephens, Culiseta annulata (Schrank), Culex p. pipiens, a group of Culex (Culex) specimens that were damaged and could not be reliably identified to species, and Cx. territans Walker (Table 3) . Because of the late season, CDC-light traps and gravid traps were of limited value, and the majority of mosquitoes were obtained from aspirator collections. The low species diversity in these collections stems primarily from the late season of collection, but the urban setting of most collections may have been a contributing factor.
Culex p. pipiens accounted for about 96% of mosquitoes collected and provided the only virus isolate obtained from mosquitoes. Virus isolate RO97-50 was obtained in Vero cell culture from one pool of 30 Cx. p. pipiens females, resulting in an overall minimum infection rate of 0.19/1,000 (Table  3 ). The mosquitoes in the virus-positive pool were aspirated from the walls and ceiling of a blockhouse located near the center of the city, site 6 ( Figure 1 ). Mosquito pools tested by ELISA and by suckling-mouse brain assay were negative.
Avian investigations. Only one of 12 Passeriformes sampled, an Erithacus rubecula, was positive for neutralizing antibody to WN virus (Table 4) . Thirty (41%) of 73 domestic fowl sampled had neutralizing antibody to WN virus, including 5 of 13 ducks (38%), 1 of 1 goose, 19 of 52 chickens (37%), 1 of 1 peahen, and 4 of 6 turkeys (67%) ( Table 4) . Seroprevelance among domestic fowl sampled at four sites (B4-6 and B8) varied from a low of 20% (2 of 10) at B5 to 61% (19 of 31) at B8. Seroprevelance (27%, or 7 of 26 fowl sampled) from the urban Bucharest site, B4, was not significantly different than rates from the three rural sites (P ϭ 0.08, by Fisher's exact test).
Only one of the 85 birds sampled, a duck from Vidra (B8), possessed neutralizing antibody against Sindbis virus ( Figure  1 and Table 4 ).
Serologic characterization of mosquito virus isolate. The two antisera (IMS and HIMS) prepared against the mosquito isolate (RO97-50) failed to distinguish among the three viruses, RO97-50, WN, and KUN, based on a four-fold or greater difference in neutralization titers (Table 5 ). However, in both cases the antisera to RO97-50 neutralized WN virus Figure 3 . In all 56 MLTs, lineages I and II were represented with identical composition. Members of lineage II share a Ser at residue 205, while members of lineage I share a Thr at this position. The presence of Ser appears to be an apomorphy, since both the JE and MVE strains analyzed (Table 2) have a Thr at this position. Within lineage II, two lineages were also present in all 56 MLTs. The first includes three WN virus strains (Wengler-Nigeria, SEN-ArD78016, and Ent63134 from Uganda) that share a four amino acid in-frame deletion that results in the absence of a potential glycosylation site, 20 and the apomorphic Lys at position 158. The second includes three WN virus strains (MADArMg956, MAD-AnMg798, and KEN-Na1047) that share a Val at residue 159. Due to the limited number of informative sites, bootstrap analyses on this data set failed to provide support for any of the above lineages.
The amino acid sequence of the Romanian mosquito isolate, RO97-50, is identical to those of three other WN virus strains: ArD93548 isolated from Culex neavei collected in Senegal in 1993, KN3829 isolated from Cx. univittatus collected in Kenya in 1998, and FRA-PaH651 isolated from a human in France in 1965. These four strains possess a potential glycosylation site, Asn-Tyr-Ser, at position 154-156. The amino acid sequence of the Romanian human isolate, RO96-1030, is identical to three other WN virus strains: AnD27875 isolated in Senegal from the primate Galago senegalensis in 1979, ArDjanet isolated from Culex mosquitoes collected in Algeria in 1968, and HB6343 isolated from a human in the Central African Republic in 1989. In these four strains, the Ser at position 156 is replaced with a Pro, resulting in abolition of the potential glycosylation site. The substitution at position 156 is the only difference in the amino acid sequences of these 8 strains.
Distance analyses of the 24 strain-amino acid alignment using a variety of distance metrics resulted in nearly identical trees. In all NJ trees, the KUN and WN virus strains were clustered in two basal lineages. The composition of these lineages was constant and corresponded exactly to lineages I and II in Figure 3 . Relationships within lineage I were similar to those from the MP analyses (Figure 3 ). Within lineage II, the lineage including the three WN virus strains sharing the 4 amino acid deletion appear as a sister group to all other members of lineage II.
Distance and MP analyses of a 26 strain-amino acid alignment that included JE and MVE virus strains (Table 2) as outgroups resulted in very similar trees. In this larger data set, 19 of the 85 amino acid positions were parsimony-informative. The MP analyses resulted in 633 MLTs of length 68 steps. The only notable difference between these MP trees and Figure 3 was the placement of WN virus strain ICAra3212. In 62% of the MLTs, WN virus strain ICAra3212 appears as a sister group of lineage II, rather than a member of lineage I. In all distance-NJ trees, WN virus strain ICAra3212 appears as a sister group of lineage II.
In MP analyses of the nucleotide alignment including 23 strains of WN virus, one KUN virus strain and two outgroups, one strain each of JE and MVE viruses, 106 of the 255 nucleotide positions were parsimony-informative. The MP analysis resulted in 80 MLTs of length 352 steps. In all 80 trees, a lineage corresponding exactly in composition to lineage I in Figure 3 was represented. A lineage corresponding in composition to lineage II of Figure 3 was present in 40 (50%) of the MLTs. In the remaining 40 (50%) trees, Madagascaran WN virrus strain AnMg798 appears as a sister-group of a lineage including both lineage I and a lineage including all other members of lineage II, rather than as a member of lineage II. Bootstrap analysis indicates strong support for lineage I (95%), while lineage II was not supported (69%). The nucleotide sequence of the Romanian mosquito isolate, RO97-50, is identical to those of two other WN virus isolates that were also isolated from Culex mosquitoes, SEN-ArD93548 and KN3829, and, as expected, bootstrap support for the lineage including these three virus strains was strong (97%). Within lineage II, the lineage including WN virus strains (Wengler-Nigeria, SEN-ArD78016, and Ent63134 from Uganda) that share a 12-bp in-frame deletion was supported in 89% of bootstrap replications. Distance analyses of the 26 strain-nucleotide alignment using a variety of distance metrics with JE and MVE virus strains as outgroups resulted in very similar trees. In all NJ trees, the KUN and WN strains were clustered in two basal lineages. The composition of these lineages was constant and corresponded exactly to lineages I and II in Figure 3 .
Maximum likelihood analyses of the nucleotide alignment of 1 KUN and 23 WN virus strains resulted in the presence of lineages I and II with composition exactly as indicated in Figure 3 in all 15 jumble runs. Application of the bootstrap technique with 500 replications indicated a support of 100% for the existence of these two lineages. However, relationships within lineages were highly variable, and inconsistent with branching patterns observed in analysis of amino acid alignments. Much of this variation appeared to be the result of long branch attraction, and was attributable to variation in the placement of the lineage leading to KUN strain MRM61C and WN strain WN IC-Ara3212 within lineage I, and the placement of WN strain KEN-Na1047 within lineage II. As in the MP analyses, the lineage including the three WN strains (Wengler-Nigeria, SEN-ArD78016, Ent63134 from Uganda) that share a 12-bp in-frame deletion was supported by bootstrap analyses (88%).
DISCUSSION
The initial entomologic and environmental assessment of the city of Bucharest suggested that Cx. p. pipiens was the probable vector during the epidemic based on the abundance and widespread distribution of this potential vector species. Culex p. pipiens accounted for about 96% of mosquitoes collected, and was the only abundant species of Culex present in the city. This assumption was supported by the subsequent isolation of a WN virus, strain RO97-50, from a pool of Cx. p. pipiens aspirated from the walls and ceiling of a blockhouse located near the center of the city, site 6 ( Figure 1 ).
In the mid-1970s, Romania began a construction program in which many single-family dwellings in Bucharest were destroyed and replaced with blockhouses. Blockhouse construction was concentrated along the main thoroughfares that radiate from the center of the city. Intervening neighbor- Table 2 . Branch lengths are proportional to the number of steps: tree length is 28 steps. Lineages I and II are labeled above the respective branches.
hoods of single-family dwellings located between main thoroughfares commonly remained untouched. This patchwork housing pattern is superimposed over a much older sewer system that was designed to remove rainwater. The rainwater sewer system includes pipes for water drainage and sediment traps. Inspection of sediment traps at various points within the city revealed the presence of standing water and Cx. p. pipiens larvae (Nicolescu G, Ceianu C, unpublished data).
During our assessment of October 1996, we observed that the plumbing in some blockhouses, including both water and sewage pipes, had deteriorated and that basements were partially flooded with a mixture of drinking water and raw sewage. Culex p. pipiens had invaded these blockhouse habitats and larvae and pupae occurred in some flooded basements. Adult Cx. p. pipiens mosquitoes were observed to rest by the hundreds and sometimes thousands on the ceilings of the entrance ways and hallways. Epidemiologic investigations identified only two significant risk factors for infection with WN virus during the epidemic: these were the presence of mosquitoes in the home, and among apartment dwellers, the presence of flooded basements. 27 The combination of abundant larval breeding sites in the rainwater sewer system and in basements of blockhouses and access to blood meals from wild and domestic birds at nearby single-family dwellings allowed the build-up and maintenance of very high Cx. p. pipiens populations. Autogenous (having the ability to develop and lay eggs without taking a blood meal) populations, referred to as Cx. p. pipiens form molestus, 28 and typical populations of Cx. p. pipiens that require a blood meal before egg development, occur together in the city. Surveys of the city of Bucharest indicate that autogenous populations are common in urban blockhouse areas of Bucharest, but nearly absent in nearby agricultural villages (Nicolescu G, Ceianu C, unpublished data). In areas of single-family dwellings within Bucharest, mixed autogenous and anautogenous populations are found. It is conceivable that transmission of virus to humans was facilitated by the mixed nature of populations of Cx. p. pipiens within the city. While typical Cx. p. pipiens are believed to display a strong preference for avian blood meal hosts, autogenous populations are more catholic in host selection and readily feed on humans. 29 The transmission season, May through October, of the epidemic year was dry compared with the preceding 18 years in Bucharest (Figure 2 ). Dry summers have been associated with increased transmission and epidemics of the related virus, SLE virus, in urban areas of the United States. 30, 31 The primary urban vectors of SLE virus are members of the Cx. pipiens complex. Dry summers are believed to favor the development of numerous small bodies of stagnant water that provide abundant larval habitat for these mosquitoes. In Bucharest, the dry transmission season likely resulted in a lack of flushing of the sewer system and the corresponding persistence of subterranean larval habitats. Reduction of surface water habitats due to reduced rainfall may have resulted in increased oviposition by Cx. p. pipiens in flooded basements, and increased vector-human contact. Temperatures in Bucharest during the epidemic year were similar to those observed in preceding years, although May and June of the epidemic year were slightly warmer than in the preceding four years. The epidemic was confined to the Danube plain and valley and all detected cases occurred south of the 22 o C July isotherm. Experimental studies on WN virus indicate that temperature profoundly influences mosquito-to-vertebrate transmission rates. In studies on Cx. univittatus, a reduction in temperature from 26ЊC to 18ЊC during a 17-day post-infection period caused a decrease in transmission rates from 97% to 48%. 32 Summer temperature is likely one of the most important environmental variables modulating WN virus activity in Europe.
One of 12 Passeriformes sampled, an Erithacus rubecula, had neutralizing antibody to WN virus (Table 4) . Some European populations of this species winter in the Mediterranean region of north Africa and this species has also been observed during winter at oases in the Sahara. 33 It appears unlikely that this species played a role in the introduction of WN virus strain RO97-50 into Romania since E. rubecula does not appear to winter in Senegal, Kenya, or other areas of sub-Saharan Africa, and banding studies indicate that Romanian populations of E. rubecula do not winter in Africa (Laiv L, Romanian Ornithological Center, Bucharest, Romania, unpublished data). The relative importance of particular migratory and resident bird species of Europe in WN virus amplification remains unknown.
Most of our avian work was directed toward domestic fowl. A large proportion of these domestic fowl, including 37% of the chickens, 42% of the ducks, and 67% of the turkeys, were positive for antibodies to WN virus. The data indicate that seroconversion in domestic fowl was widespread and that sentinel programs using domestic fowl would be useful for monitoring WN virus activity. Young chicks (1-11 days old) upon experimental infection become viremic at titers sufficient to infect mosquitoes, and may play a role in virus amplification. 3 However with advancing age, viremia duration and titer are diminished, and mature domestic fowl are not believed to be amplifying hosts. 3 Neutralization tests indicate that the Romanian mosquito isolate RO97-50 is antigenically intermediate between WN virus strain Eg101 and the prototype KUN virus strain. However, the Romanian virus isolate is qualitatively more similar to WNEg101 virus than the KUN virus. Results are compatible with the conclusion that WN and KUN viruses are antigenically very similar and perhaps represent a species complex.
Phylogenetic trees resulting from analyses of amino acid and nucleic acid sequences with and without outgroups for a small, variable portion of the E gene were similar but not always congruent. Therefore, we elected to present ( Figure  3 ) an unrooted MP tree based on analysis of the amino acid sequences for 1 KUN and 23 WN virus strains. This tree and associated analysis avoids any assumptions as to appropriate outgroups and rooting, and avoids the influence of phylogenetic noise resulting from analysis of third base positions in the corresponding nucleotide sequences.
All phylogenetic analyses suggest that KUN virus is associated with lineage I of WN viruses (Figure 3) , rather than as a sister group of all WN virus strains, as separate species status would dictate. With respect to the question of the species status of KUN viruses, the data analyzed here and elsewhere 20 have at least two deficiencies that argue against making any strong conclusions. First, the data are unbalanced, that is, only one strain of KUN virus was included in the analysis versus 23 strains of WN virus. Second, the sequence analyzed was very small, 255 basepairs, and may not be representative of the entire E gene. 34 Lineages I and II ( Figure 3 ) were represented and consistent in composition in nearly all analyses with variation due largely to the placement of WN virus strains IC-Ara3212 and MAD-AnMg798. Lineage II is composed only of strains isolated in Africa, and includes isolates from west, central, and east Africa, and all strains isolated from Madagascar. Lineage I also includes strains from west, central, and east Africa, but Madagascaran strains are absent. In addition, lineage I includes all strains from north Africa, including isolates from Egypt and Algeria, all of the European isolates, those from France and Romania, the Israeli isolate, and an isolate of KUN virus from Australia. Nucleotide sequence identity between the Romania mosquito isolate, RO97-50, and WN virus strains from Senegal and Kenya, SENArD93548 and KN3829, amino acid sequence identity between the Romanian human isolate, RO96-1030, and strains from Senegal, the Central African Republic, and Algeria, and the inclusion of all north African and European WN virus strains in lineage I along with strains from sub-Saharan Africa are compatible with the introduction of virus into Romania by birds migrating from sub-Saharan Africa, to north Africa, and into southern Europe. In general, birds of Eurasia migrate south across the desert to sub-Saharan Africa through a broad region and on variable time schedules, rather than via discrete paths or tracts. 35 Migrants from Eurasia have a pronounced preference for sub-Saharan savannas as wintering grounds. The northern savannas of sub-Saharan Africa, i.e., the Sudanese dry and Senegal-Guinean moist grassland and woodland savannas, are wintering grounds for the majority of Eurasian birds, while the eastern savannas and highlands of sub-Saharan Africa including much of Kenya are the second most important wintering grounds. 33 In general, the spring migration north is rapid, and most birds use fat deposits built up during their stay in Africa to fuel long direct flights. 33 Birds infected with WN virus in sub-Saharan Africa could remain viremic during these northward flights and introduce virus into southern Europe. The Danube River Delta on the Black Sea is an important stopover point for migrating birds. Although the Danube Delta is home to only about 44 resident species of birds, millions of migratory birds representing at least 100 species move through the Danube Delta region from late March to early May. Many of these birds summer in northern Europe and Asia, including Siberia and Mongolia, and return on their fall migration in August to October. Other bird species, including many that overwinter in Africa, come to the Danube Delta and coastal areas of the Black Sea to breed between mid-May and mid-July. The breeding season for these birds coincides with the build-up of mosquito populations in June and July. Nestling birds more commonly maintain high viremia levels than older birds, which would allow for increased virus amplification.
Knowledge of the vectors and vertebrate hosts in past epidemics, the isolation of virus from Cx. p. pipiens, molecular characterization of the isolate, plus our environmental and entomologic assessment of the situation in Bucharest suggest a model (Figure 4 ) of the WN virus sylvatic and urban transmission cycles in the Danube Basin of Romania. The model starts with introduction of virus from sub-Saharan Africa or north Africa by migratory birds into the Danube River Valley, Danube Delta, or coastal areas of the Black Sea. Virus may have entered a sylvatic cycle between Cx. (Bar.) modestus and/or Cx. p. pipiens and birds. Virus may have moved horizontally to the urban cycle involving Cx. p. pipiens and birds via birds infected in the sylvatic cycle; or the virus may have entered the urban cycle directly from migratory birds moving through urban and suburban areas without previous amplification in a sylvatic cycle. The inclusion of this sylvatic cycle is based on the French epidemic of 1962. 5 Although we do not have direct evidence that such a cycle occurred in Romania, Cx. modestus is a common mosquito in the Danube Delta were larvae are often encountered in small water bodies with emergent vegetation. 36 Support for the urban cycle comes from our environmental assessment, the virus isolate obtained from Cx. p. pipiens during the epidemic, and literature suggesting a role for this species in earlier outbreaks. 2, 3, 37 Transmission to humans may occur from mosquitoes infected in either the sylvatic or urban cycle. Culex modestus displays a broad host range and readily attacks humans. 5 Sylvatic populations of Cx. p. pipiens in Europe appear strongly ornithophilic, 38 and this species is likely more important in amplification of virus among birds than in transmitting virus to humans in natural areas. In urban areas such as Bucharest, Cx. p. pipiens is the only common Culex mosquito and serves both functions.
